Persons with chronic kidney disease (CKD) exhibit a disproportionate burden of elevated blood pressure (BP) with a high prevalence of premature end-stage renal disease and cardiovascular events.
INTRODUCTION
Chronic kidney disease (CKD) is a major global health problem with an estimated one in nine adults afflicted [1, 2] . The WHO had originally categorized diabetes, cardiovascular disease, chronic lung disease, and cancer as the major chronic noncommunicable threats to public health in this century, accounting for the majority of deaths in highincome, middle-income, and low-income nations alike. In 2011, the WHO added CKD to the list of major chronic noncommunicable threats to public health because of its substantial impact on premature morbidity and mortality, as well as its cost to the healthcare system [1] .
In the Chronic Renal Insufficiency Cohort (CRIC) study of a diverse group of adults (n ¼ 3612) with a broad spectrum of renal disease severity, baseline data revealed that 87.5% had hypertension [3] , a rate three times that of the estimated prevalence of hypertension (28.5%) in the US adult population [4] . Because of the high prevalence of elevated blood pressure (BP) levels in CKD populations, successful management of hypertension in CKD patients could have an enormous global impact. Although the control of hypertension among patients with CKD in the USA has improved from approximately 35% between 1988 and 1994 to approximately 45% between 2005 and 2010 [4] , strategies to increase BP control further and agreement on the optimal level of BP control remain controversial. The scope of this review is focused on the recent studies assessing
DEFINITION OF CHRONIC KIDNEY DISEASE
In 2002, the National Kidney Foundation published the Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines for the diagnosis and treatment of CKD, including the presence of markers of kidney damage such as albuminuria and five progressive stages of the disease based on a sustained reduction in estimated glomerular filtration rate (eGFR) ( Table 1 ) [5] . The inclusion of the presence of markers of kidney damage such as albuminuria in the definition of CKD allows the clinical identification of CKD in its earliest stages when the eGFR might still be well within the normal limits, but increased rates of elevated BP may be present and early intervention helpful. The care of CKD represents a disproportionate burden on the US Medicare system. With increased rates of hypertension across the spectrum of the five stages of CKD, the mainstay of care for the patient with CKD is BP control and reduction of proteinuria with antihypertensive agents.
EPIDEMIOLOGY OF HYPERTENSION IN CHRONIC KIDNEY DISEASE
CKD is associated with increased rates of hypertension defined as physician-diagnosed hypertension or SBP of at least 140 mmHg and DBP of at least 90 mmHg, as well as prehypertension, SBP of at least 120 and less than 140 mmHg or DBP of at least 80 and less than 90 mmHg. It is estimated that CKD is present in only 9.9% of the US adult population with normal BP, but is present in 13.9% of the prehypertensive population, and 23.8% of the undiagnosed and 32.0% of the diagnosed hypertensive population [6] . Moreover, apparent treatment-resistant hypertension (uncontrolled BP despite 3 medications vs. all uncontrolled hypertensive patients) is 2.5-3 times as common among patients with CKD compared with those without CKD across three National Health and Nutrition Examination Survey (NHANES) periods, 1988-1994, 1999-2004, and 2005-2008 [7] . Finally, among the general US adult population with cardiovascular disease approximately 25% had an eGFR less than 60 ml/min/1.73 m 2 and a urinary albumin-tocreatinine ratio (ACR) greater than 30 mg/g [1] . The higher prevalence of hypertension in patients with CKD contributes to the high rates of end-stage renal disease (ESRD) and premature cardiovascular events [8, 9] .
KEY POINTS
The strongest evidence for the level of BP control to attenuate adverse renal and cardiovascular outcomes in patients with hypertension and CKD (either nondiabetic or diabetic nephropathy) is a target BP less than 140/ 90 mmHg.
In patients with CKD and proteinuria, there is modest evidence that the first-line use of diuretics combined with a single class of RAAS inhibitor improves clinical outcomes. Dual RAAS inhibitor therapy has not been shown to improve clinical outcomes in patients with CKD.
The evidence for a lower target blood pressure goal to improve clinical outcomes in patients with CKD and proteinuria is not consistent.
Most patients with a reduced eGFR (<60 ml/min/ 1.73 m 2 ) require 2-3 antihypertensive agents to achieve a BP less than 140/90 mmHg.
Optimal care for patients with CKD necessitates an appropriate sensitivity to and an understanding of sociocultural factors such as education, socioeconomic status, family support, insurance profile, and health beliefs and behaviors that may act as barriers to achieving a BP less than 140/90 mmHg. 
THE RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM AND HYPERTENSIVE CHRONIC KIDNEY DISEASE
The renin-angiotensin-aldosterone system (RAAS) plays an important role in the modulation of hypertension and the mediation of hypertension-related complications. The documented role of RAAS as a facilitator of progression of CKD engenders the expectation of an attenuated risk of hypertensionrelated end-organ damage in patients treated with RAAS inhibition therapy. RAAS blockade can reverse endothelial dysfunction, attenuate proteinuria, and reduce renal injury independent of BP changes in animal models [10] , making RAAS inhibition a rational therapeutic option for hypertension and proteinuria in CKD [11] .
KEY TREATMENT TRIALS OF HYPERTENSIVE CHRONIC KIDNEY DISEASE
The African American Study of Kidney Disease and Hypertension (AASK) trial (n ¼ 1094) was a prospective study designed to focus on a high-risk cohort with hypertension-related CKD and examined the effects of two levels of BP control: intensive (120/80 mmHg) and standard (135-140/85-90 mmHg), and three classes of initial antihypertensive therapy [angiotensin-converting enzyme inhibitor (ACEI), b-blocker, or calcium-channel blocker] on eGFR progression and combined clinical outcomes. Individuals with substantial proteinuria (>2.5 g per day) were excluded [12] . As the AASK study participants had substantial GFR reduction, it was implicit in the design that most, if not all, would require diuretic therapy. In fact, nearly 90% of AASK participants required concomitant diuretic therapy to achieve target BP levels. AASK demonstrated that clinical cardiorenal outcomes did not differ between intensive (120/80 mmHg) and standard (135-140/85-90 mmHg) BP targets, and were improved with ACEI in comparison to b-blocker or calcium-channel blocker, with diuretics and other agents added as needed [13] . After completing the trial phase, patients were invited to enroll in a cohort phase in which the BP target was less than 130/80 mmHg and primary therapy was diuretic with ACEI or angiotensin receptor blocker (ARB). During the cohort phase, corresponding intensive and standard group mean BP was 131/78 and 134/78 mmHg, respectively. With a combined follow-up period of 8.8-12.2 years across both phases, there remained no significant difference between the BP groups in clinical outcomes (P ¼ 0.27). However, the groups differed when stratified by baseline level of proteinuria (P ¼ 0.02 for interaction), with a potential benefit of original intensive BP treatment in patients with a protein-to-creatinine ratio of more than 0.22 (P ¼ 0.01), the equivalent of a urinary protein excretion rate of 300 mg/day [14] .
The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) enrolled over 33 000 high-risk hypertensive patients with a mean serum creatinine of 1 mg/dl and followup for up to 8 years. At year 5, mean BP was 135/ 75 mmHg. In a secondary analysis of patients stratified by eGFR, normal (at least 90 ml/min/1.73 m 2 ; n ¼ 8126), mild reduction (60-89 ml/min/1.73 m 2 ; n ¼ 18 109), or moderate-severe reduction (<60 ml/ min/1.73 m 2 ; n ¼ 5662), amlodipine, lisinopril, and chlorthalidone were equivalent, as initial monotherapy, in reducing the rate of composite endpoint of development of ESRD or 50% or greater decrement in eGFR [15] . An analysis of ALLHAT participants stratified into three baseline eGFR groups: normal or increased (>90 ml/min/1.73 m 2 ; n ¼ 8126 patients), mild reduction (60-89 ml/min/ 1.73 m 2 ; n ¼ 18109 patients), and moderate or severe reduction (<60 ml/min/1.73 m 2 ; n ¼ 5662 patients) found no difference in the clinical outcomes by class of antihypertensive agent [16] . In addition, neither amlodipine nor lisinopril was superior to chlorthalidone in reducing the rate of development of ESRD or at least 50% decrement in eGFR in ALLHAT participants [17] .
Exploring the relationship of BP goal to outcomes, the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial [18] , which included 4733 participants with type 2 diabetes mellitus and increased risk for cardiovascular disease including albuminuria followed for a mean of 4.7 years, found no benefit with regard to the primary composite outcome of major cardiovascular events with a SBP target of less than 120 mmHg versus less than 140 mmHg.
In a post-hoc analysis of the Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan (RENAAL) study with 1513 patients followed for over 3 years with final BP of 141/74 mmHg, losartan was renoprotective compared with usual care [19] . In addition, there was no racial/ethnic difference in the renoprotective effect of ARB therapy, as assessed by albuminuria and development of ESRD.
A post-hoc analysis of the Irbesartan Microalbuminuria Type 2 Diabetes in Hypertensive Patients (IRMA-2) trial found no difference in the renal outcomes among the 531 study participants stratified to greater than or less than the median response in BP reduction of 11 mmHg over the initial 6 months. By contrast, a greater reduction in albuminuria achieved during the initial 6 months of RAAS blockade was associated with a significant reduction in the rate of decline in eGFR during 2 years of follow-up [20] .
The optimism for enhanced efficacy with combination ARB/ACEI generated by the above findings of ARB or ACEI to improve clinical outcomes has recently been dampened. The Ongoing Telmisartan Alone and in Combination with Ramipril Global End Point Trial (ONTARGET) randomized 25 000 participants with vascular disease or diabetes with end-organ damage (13% with microalbuminuria) and followed them for 4.5 years. Baseline mean BP of 142/82 mmHg was reduced at 6 months by 6.4/4.3 mmHg in the Ramipril group, by 7.4/5.0 mmHg in the Telmisartan group, and by 9.8/6.3 mmHg in the combination-therapy group and continued at similar levels throughout the study. The composite primary outcome of death from cardiovascular causes, myocardial infarction, stroke, or hospitalization for heart failure did not differ between groups [21] . Also, although combination therapy reduced proteinuria to a greater extent than monotherapy, it worsened the major renal outcomes [22] . Thus, the ONTARGET trial did not demonstrate any cardiovascular benefit for dual RAAS blockade (with the ACEI Ramipril and the ARB Telmisartan), in a population at high risk of CVD, but did suggest an increased risk of major renal outcomes. Lambers Heerspink and de Zeeuw [23] suggested that the unanticipated results may have been because of the patient population studied, and that the result might have been different if the population had included a greater number of patients with CKD than the 13% with albuminuria. A parallel group of 5927 potential ONTARGET participants with known cardiovascular disease or diabetes with end-organ damage but without macroalbuminuria or heart failure who could not tolerate ACEIs were treated with Telmisartan, 80 mg/day (n ¼ 2954), or matching placebo (n ¼ 2972) plus standard treatment and followed for over 4.7 years [24] . The composite renal outcome of dialysis or doubling of serum creatinine, changes in eGFR, and changes in albuminuria did not differ between the groups.
The use of direct renin inhibitors (DRIs) has emerged as another potential therapeutic of value in treating hypertension in patients with CKD. The Aliskiren Trial in Type 2 Diabetes Using Cardio-Renal Endpoints (ALTITUDE) Trial randomized over 8600 participants with type 2 diabetes and nephropathy to either Aliskiren or placebo on top of standard therapy, ACEI or ARB [25] . Unfortunately, the ALTITUDE trial was stopped early because of a low likelihood of ever demonstrating clinical benefit and a trend toward increased risk of key adverse outcomes, casting doubt on the future use of DRIs in combination with ACEI or ARB [26] .
RECENT GUIDELINES AND META-ANALYSES OF HYPERTENSION AND CHRONIC KIDNEY DISEASE
The 2012 Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice Guideline for the management of blood pressure in chronic kidney disease indicated that the available evidence in CKD patients without albuminuria supports a target SBP of less than 140 mmHg and DBP less than 90 mmHg. However, in patients with an albumin excretion rate of greater than 30 mg per 24 h, the committee suggested a more aggressive SBP target of less than 130 mmHg and DBP less than 80 mmHg. In achieving BP control, the value of lifestyle changes (see list below) and the need for multiple pharmacological agents is acknowledged. RAAS inhibition therapy is suggested in patients with an albumin excretion rate of greater than 30 mg per 24 h. Importantly, recommendations are essentially identical in CKD patients with and without diabetes [27
Lifestyle modifications in patients with CKD to lower BP and improve long-term cardiovascular and related outcomes are as follows:
(1) Individualize BP targets and agents according to age, coexistent cardiovascular disease, and other comorbidities, risk of progression of CKD, presence or absence of retinopathy (in CKD patients with diabetes), and tolerance of treatment.
(2) Inquire about postural dizziness and check for postural hypotension regularly when treating CKD patients with BP-lowering drugs. (3) Lowering salt intake to less than 90 mmol/day (<2 g) of sodium (corresponding to 5 g of sodium chloride), unless contraindicated. Achieving or maintaining a healthy weight (BMI 20-25 and at least less than 30 kg/m 2 ). (4) An exercise program compatible with cardiovascular health and tolerance, aiming for at least 30 min five times per week. (5) Limit alcohol intake to no more than two standard drinks per day for men and no more than one standard drink per day for women.
By contrast, Upadhyay et al. [29] , using MEDLINE and the Cochrane Central Register of Controlled Trials (July 2001 through January 2011) of randomized controlled trials comparing lower versus higher BP targets in adult patients with CKD, did not find that a BP target less than 130/80 mmHg improved clinical outcomes more than a target less than 140/90 mmHg. Whether a lower target benefits patients with proteinuria requires further study.
A meta-analysis of 25 randomized controlled trials (n ¼ 45 758) by Balamuthusamy et al. [30] found improved cardiovascular outcomes in patients with diabetic or nondiabetic CKD and proteinuria treated with RAAS blockade (ACEI/ARB) in comparison to placebo and control (b-blocker, calciumchannel blockers, and other antihypertensive-based therapy). Thus, the evidence is stronger for using RAAS blockade than it is for a lower BP goal in patients with CKD and proteinuria.
SPECIAL CONSIDERATIONS
Given the increased prevalence of CKD in older populations, special attention should be paid to tailoring BP treatment regimens in elderly patients with CKD. Careful consideration of age, comorbidities, and other therapies that may impact sideeffect profile and therapeutic efficacy are even more significant in older patients. A more gradual escalation of treatment and close attention to adverse events related to BP treatment, including electrolyte disorders, acute deterioration in kidney function, orthostatic hypotension and drug sideeffects, is required [27 && ]. A recent study of 52 patients with nondiabetic nephropathy treated with ACEI found a low-sodium diet over a 6-week period (50 mmol Na þ /day) reduced proteinuria (P < 0.001) in comparison to the addition of ARB to ACEI, and was comparable to the reduction of proteinuria by the addition of both ARB and a low-sodium diet to ACEI [31] . By contrast, a low-sodium diet has been reported to paradoxically increase all-cause and cardiovascular mortality in persons followed for 10 years with either type 1 diabetic nephropathy (eGFR 85 ml/min/1.73 m 2 and over 30% with albuminuria) [32] or type 2 diabetes (eGFR 73 ml/min/1.73 m 2 and over 40% with albuminuria) [33] . Thus, even the traditional recommendation of sodium restriction in patients with CKD may not be as simple as previously considered.
It is well known that the initiation of RAAS inhibition therapy can lead to an acute reduction in GFR in patients with advanced CKD. In most instances, this is a physiologic hemodynamic effect that is reversed if the therapy is reduced or discontinued. An observational study by Ahmed et al. [34] showed that discontinuation of RAAS inhibition therapy in 52 patients with CKD stages 1 . Algorithm for a comprehensive approach to optimizing blood pressure control in persons with chronic kidney disease (CKD). ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, beta blocker; CCB, calcium-channel blocker; CV, cardiovascular; eGFR, estimated glomerular filtration rate. 4-5 was followed by a greater than 25% increase in eGFR in over 60% of patients. However, the posthoc analysis of the RENAAL trial found an initial fall in eGFR was a better predictor of long-term renoprotection [35] , whereas a second smaller randomized trial reported patients with stage 4 CKD receiving benazepril had a lower risk of doubling of serum creatinine, kidney failure, or death compared with similar patients receiving placebo [36] . Thus, the current evidence does not support a stable reduction in eGFR as a rationale for the cessation of RAAS therapy in patients with later stages of CKD [37] , although specific reasons for discontinuation such as hyperkalemia or hypotension may occur in some patients.
CONCLUSION
Persons with hypertension and kidney disease require a comprehensive approach to slow the progression of kidney disease and its complications, often necessitating aggressive care of the primary cause, assessment of lifestyle and socio-cultural issues, and the use of two or more antihypertensive agents for control of BP (<140/90 mmHg) and proteinuria ( Fig. 1) . A lower target (<130/80 mmHg) can be considered in cases of CKD with proteinuria, although the evidence is less consistent ( Table 2) .
Looking forward, the National Institutes of Health (NIH)-funded Systolic Blood Pressure Intervention Trial (SPRINT), which will randomize over 7500 patients including significant numbers of patients over 75 years of age and patients with CKD to systolic BP targets of less than 140 mmHg or less than 120 mmHg over a period of 9 years, commenced 2010 and followed for cardiovascular, cognitive, and kidney endpoints deliberately, should yield additional evidence for optimizing BP treatment guidelines for many high-risk patients, including those with CKD [38] . 
